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REMARKS 



Claims 2-5, 8-10, 13-16, 19-21 and 24-35 were pending. Claims 13-16, 19-21, 
and 24-35 are cancelled by the present amendment without prejudice to Applicants' right 
to prosecute their subject matter in the present application and in related applications. 
Claim 2 is currently amended. Accordingly, claims 2-5 and 8-10 are pending and 
presented for examination. 

Claim 2 is amended to recite a method for reducing sepsis-associated lethality in a 
mammal with sepsis and to remove unnecessary words from the claim. Support for the 
amendment to claim 2 is found in the originally- filed application at least, for example, at 
page 9. 

Applicants submit that the amendment introduces no new matter into the 
apphcation. 



All pending claims stand rejected under 35 U.S.C. § 1 12, first paragraph, as 
allegedly failing to comply with the written description requirement. Specifically, the 
Office action alleges that there is no written description permitting TCF-II to be 
administered prior to the onset of sepsis. To advance prosecution, Apphcants have 
amended the claims without prejudice to remove the reference to administration prior to 
the onset of sepsis. As amended, the claims recite a method for reducing sepsis- 
associated lethality in a mammal with sepsis. Accordingly, Applicants submit that the 
amended claims comply fully with the written description requirement of 35 U.S.C. § 1 12 
and respectfully request reconsideration and withdrawal of the rejection. 

Claim rejections : Enablement 

All pending claims stand rejected under 35 U.S.C. § 1 12, first paragraph, as 
allegedly failing to comply with the enablement requirement. Specifically, the Office 
action alleges that the specification does not enable a "method for reducing sepsis- 
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associated lethality in a mammal that develops sepsis'' (emphasis in Office action) 
because the specification allegedly does not enable the predictable and reproducible 
identification of "those mammals that will develop sepsis (i.e. in the fixture)" (Office 
action, page 5). To advance prosecution, Applicants have amended the claims without 
prejudice to remove the reference to "a mammal that develops sepsis." As amended, the 
claims relate to a method for reducing sepsis-associated lethality in a mammal with 
sepsis. Accordingly, Applicants submit that the amended claims comport fully with the 
enablement requirement of 35 U.S.C. § 1 12, first paragraph, and respectfiiUy request 
reconsideration and withdrawal of this rejection. 

Claim rejections : Definiteness 

Claims 16, 24, 28, 30 and 35 stand rejected under 35 U.S.C. § 1 12, second 
paragraph, as allegedly indefinite. To promote prosecution, Applicants have cancelled 
each of claims 16, 24, 28, 30 and 35 without prejudice. Accordingly, Applicants 
respectfully request reconsideration and withdrawal of the rejections. 

Claim rejections : Anticipation 

Claims 13-16, 19-21, 31 and 33 stand rejected under 35 U.S.C. § 102(b) as 
allegedly anticipated by Canadian patent application 2100720. To promote prosecution. 
Applicants have cancelled each of claims 13-16, 19-21, 31 and 33 without prejudice. 
Accordingly, Applicants respectfully request reconsideration and withdrawal of the 
rejections. 

All pending claims stand rejected under 35 U.S.C. § 102(b) as allegedly 
anticipated by U.S. Patent No. 5,714,461 ("the '461 patent"). Applicants traverse this 
rejection to the extent it is maintained over the amended claims. 

The '461 patent does not anticipate the pending claims. "A claim is anticipated 
only if each and every element as set forth in the claim is found, either expressly or 
inherently described, in a single prior art reference" (MPEP § 2131). As amended, the 
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pending claims relate to a method for reducing sepsis-associated lethality in a mammal 
with sepsis. The method includes administering an amount of isolated or purified TCF-II 
effective to reduce sepsis-associated lethality. The '461 patent, while describing 
administration of TCF-II to a subject afflicted with disseminated intravascular 
coagulation (DIC) and teaching that DIG accompanies various basal diseases including 
malignant tumors, leukemia, sepsis, infectious diseases, obstetric diseases and shock 
(paragraph bridging columns 1 and 2), does not describe administering TCF-II to a 
mammal with sepsis in an amount effective to reduce sepsis-associated lethality. The 
'461 patent teaches administering TCF-II to rats after a "70% hepatectomy to prepare a 
pathologic model of liver damage and DIC symptoms" (col. 7, lines 57-58), not to rats 
identified as septic. Because the '461 patent does not describe administering TCF-II to a 
mammal with sepsis in an amount effective to reduce sepsis-associated lethality, the '461 
patent cannot anticipate the pending claims. 

Applicants wish to make clear that sepsis and DIC are recognized as separate 
conditions in the art. As indicated in the '461 patent, DIC can be caused by a variety of 
non-septic conditions. These teachings of the '461 patent are consistent with the 
teachings of Penner (1998) Seminars in Thrombosis and Hemostasis , 24:1, 45-52, a copy 
of which is attached as Exhibit A, which provides that "[djisseminated intravascular 
coagulation (DIC) and associated multi-organ failure are serious and often terminal 
events of a variety of non-septic conditions" (Penner, abstract). According to Table 1 of 
Penner, these non-septic conditions include trauma (impact, surgical, bum injuries), 
malignancy (pancreas, prostate, leukemia (acute promyelocytic, acute myeloblastic)), 
obstetric conditions (placenta abruptio, placenta previa, amniotic fluid embolism, dead 
fetus syndrome, saline induced abortions, retained placenta, preeclampsia), immune 
disorders (lupus erythematosus, thrombotic thrombocytopenic purpura, vacsculitis 
autoimmune hemolysis, incompatible blood transfusions), vascular conditions (giant 
hemangiomas, aortic aneurysms, prosthetic devices (balloon assist device, arterial grafts), 
envenomation (insects and snake bites), and chronic inflammatory disorders (Crohn's 
disease, sarcoidosis, ulcerative colitis). 
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Thus, Die can arise through non-septic causes. Similarly, DIG exists in the 
absence of sepsis. For example, Yajima et al (1989), Gastroenterologia Japonica , 
24(3):262-269, a copy of which is attached as Exhibit B, describes cirrhotic patients with 
DIG as non-septic : "Endotoxin-specific [limulus colorimetric test] did not detect any 
endotoxin activity throughout the courses of any of the cases. Gonsequently, endotoxins 
detected in this study were all non-septic endotoxins according to our definition" 
(Yajima, p. 263). 

In the '461 patent, TGF-II is administered to rats with 70% hepatectomies, not to 
rats with sepsis. The '461 patent teaches administering TGF-II to a subject afflicted with 
DIG and teaches that sepsis is a cause and indication, but does not describe administering 
TGF-II to a mammal with sepsis. Because the '461 patent does not describe each and 
every element of the pending claims, the '461 patent cannot anticipate the pending 
claims. Accordingly, Applicants respectfully request reconsideration and withdrawal of 
this rejection. 



Glaims 2-5 and 8-10 are pending and presented for consideration. The Examiner 
is encouraged to contact the undersigned to discuss any outstanding issues. 



CONCLUSION 



Respectfully submitted. 
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Disseminated Intravascular Coagulation in Patients 
with Multiple Organ Failure of Non-Septic Origin 

JOHN A. PENNER. M,D. 



ABSTRACT Disseminated intravascular coagulation 
(DIC) and associated multi-organ failure are serious 
and often ternUnal events of a variety of non-septic 
conditions* For tlie most part, these conditions are a 
result of tissue factor (thromboplastin) release firom 
damaged tissues creating situations that favor tlirom- 
bin formation. Thrombin's role in this process is crit- 
ical and serves to induce the coagulopathy, as weU as 
many of the other aspects of inflammation that con- 
tribute to the associated morbidity and mortality. 

Clinical disorders giving rise to DIC fall into cat- 
egories of trauma, obstetrical complications, malig- 
nancies and a varicity of inflammatory conditions. 
Diagnostic patterns for these disorders are well es- 
tablished with an expected decrease in platelets and 
fibrbiogen, as well as antl thrombin III, in addition to 
elevated levels of thrombin-antithrombin III com- 
plex, prothrombin fragment 1+2, and D-dimer; all 
of which serve to identify the hypcrcoagulabic state. 

Management of these coagulopathies requires at- 
tention to the bleeding diathesis and the ongoing 
thrombotic complication. Supportive therapy usually is 
required to provide hemostasis. However, control of the 
coagulopathy is of equal importance and requires not 
only early intervention, but also administration of suf- 
flclent antithrombotic agents to reduce thrombin's 
ability to consume coagulation factors, as well as to 
sthnutate inflammatory processes. Heparin has been 
employed eifeclively in many of these situations, but 
suffers tVom its potential to mducc hemorriiage, Anti- 
thrombin HI concentrate, however, is devoid of this risk 
and provides a unique alternative that has had a lim- 
itejd, but effective record of benefits. Further proof of its 
. efficacy in multi-organ failure disorders is awaited. 

Key words: Jyisscmimied intravascular coagu- 
lation (DIC), trauma, antithrombin IH concentrate. 
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multiple organ failure, acute respiratory distress syn- 
drome, microvascular thrombosis. 



Coagulopathies appearing as hemorrhagic as well as 
thrombotic disorders are a frequent finding in many criti- 
cally ill patients and arc associated, if not often responsi- 
ble, for multi-organ failure syndroines (MOFS) and their 
fatal consequences. Hiis process, lenned disseminated 
intcrvascular coagulation (DIQ, represents an exaggera- 
tion of what can be considered to be a constant, some- 
times irregular, state of intervascular coagulation that 
nonnally proceeds in a controlled fashion, permitting 
a compensated turnover of the many factors involved 
in hemostasis. Such exaggerated, or pathologic distur- 
bances in hemostasis are defined by a dramatic consump- 
tion of coagulation factors with subsequent depletion to 
levels which no longer support hemostasis. Therefore, 
the bleeding that commences becomes uncontrollable 
and life threatening. Associated witli this process is a 
phase of hypercoagulability that, paradoxically, produces 
duombotic events when the appropriate conditions such 
as stasis are present. Thus both bleeding arid thrombosis 
combine to produce an incidence of morbidity and 
mortality that is not easily affected by our interventions. 
Sepsis is well established as an etiologic factor for in- 
travascular coagulation with the identification of the re- 
sponsible polysaccharide remnants, residuals of gram 
negative bacteria. For the most part, the non-septic basis 
of this disorder is tissue factor derived and was estab- 
lished initially from an investigation of the clinical com- 
plications associated with obstetrical disorders. 



HISTORICAL BACKGROUND 

The hemorrhagic complications of amniotic fluid 
embolisni, placenta previa, and placenta abruptio were 
recognized for many years and were believed to be due 
to a condition called primary fibrinolysis. The rapid liq- 
uefaction of clotted blood from such patients, attested to 
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the fact that clot lysis was responsible, although, the fi- 
brinogen residual in such blood was insufficient to pro- 
duce more than a thin film which easily could be dis- 
lodged by tiltiag tlie tube of clotted blood that often was 
left taped to the end of the patient's bed, a common prac- 
tice at that time. 

Dr. Charles Schneider (an obstetrician and gynecol- 
ogist), working in the laboratory of Professor Walter 
Seegers in the Depanraent of Physiology at Wayne Uni- 
versity in Detroit* provided some of the first insights as 
to the nature of this process. Schneider, aware of this 
hemorrhagic complication in his clinical practice, pro- 
ceeded to develop an experiment whereby extracts of 
placental tissue were infused intravenously in rabbits 
who subsequently developed a hemorrhagic diathesis 
within several hours after the administration. The pattern 
of bleeding and the striking decrease in clotting factors 
that otcun ed following the infusion were similar to what 
Schneider had observed in many of his patients. In a se- 
ries of papers, Schneider and Seegers ".^ elaborated on 
the mechanisms involved in these disorders de.scribing 
experiments easily duplicated in the laboratory by clas- 
sical techniques. This position was supported by Ratnoff 
and colleagues in their review of the hemorrhagic states 
of pregnancy.-^ That such events could be happening un- 
der differing clinical conditions also was realized, as the 
defining laboratory assays were applied to bleeding pa- 
tients presenting with a variety of critical illnesses. 

EXPERIMENTAL STUDIES 

The classical experiments can be considered as fol- 
lows: Tissue factor was obtained as filtered saline ex- 
tracts of ground or macerated organs (i.e., lungs, pla- 
centa, uterus, etc.); when it is infused very rapidly into a 
rabbit, it produced immediate death of the animal. The 
cause of death, thrombosis of the pulmonary artery ex- 
tending from the right ventricle, can be demonstrated at 
necropsy. On the other hand, the same dose of tissue fac- 
tor extract administered slowly over several hours does 
not appear to affect the animal to any measurable degree. 
Apparently, the natural occurring major inhibitors of co- 
agulation; tissue factor pathway inhibitor (TFPl), anti- 
thrombin UI <AT III), heparin cofactor 11, (HCII), and 
proteins C (PC) and S (PS) are sufficient to prevent pro- 
gressive thrombogenesis. A more rapid intravenous ad- 
ministration over an intermediate period (perhaps 20 
min) of the same amount of tissue extract produces little 
effect immediately. Surprisingly, however, in several 
hours pulmonary bleeding is experiericed and the animal 
dies, primarily as a result of hemorrhage into the lungs 
and to a lesser extent into other organs. Tlie basis for the 
bleeding maniifestations appearing in this last experi- 
ment is easily identified by measurements of the various 
clotting factors, noting a rapid decline of fibrinogen as 
well as platelets, and significant deci-eases in Factors V 
and VIII, Factor XIIl, and the physiologic inhibitors AT 



III, PC and PS over the 2 h period. A lesser degree of de- 
cline is seen in the vitamin K dependent protease precur- 
sors (Facioni II, VU, IX and X) as expected, recognizing 
tht central role of thrombin, which exerts its effect at 
very low concentrations, and thus does not require acti- 
vation or loss of large quantities of these protease pro- 
moters. Similar experimental induction of intravascular 
coagulation has been demonstrated with the administra- 
tion of tiuombin itself, as well as activated vitamin K de- 
pendent factors and several snake venoms.^ 

An additional experiment that sheds further light on 
the clinical complications associated with DIG relates to 
the presence of organ-specific venous stasis that occurs 
with severe hypotension and shock. Under such condi- 
tions, renal necrosis often is seen as a result of mi- 
croihrombi induced ischemia developing as renal blood 
flow is reduced. The experiment i*equires the same infu- 
sion of an instigating substance, such as tissue factor, in 
addition to a small amount of epinephrine sufficient to 
induce constriction of the renal vessels (similar to that 
seen under conditions of shock). Following these inter- 
ventions, urine output declines strikingly, resulting in 
anuria, while blood serum values of urea nitrogen and 
creatinine increase. At necropsy, the kidneys are is- 
chemic and microthrombi can be found diffusely 
throughout the renal pelvis. Thus the heniorrhagic and 
thrombotic manifestations of disseminated intravascular 
coagulation can be induced in much the same manner as 
seen when these complications arise in clinical practice. 

LABORATORY ASSESSMENT 

If the process of DIC is dissected, it represents (in 
simple terms) the conversion of plasma to serum, When 
conditions are favorable, this process is exhibited in 
vivo. Platelets gradually disappear as they aggregate and 
adhere to a vascular bed that has been damaged by 
thrombin, and by substances elaborated from tJie circu- 
lating neutrophils and macrophages attracted to the in- 
jured areas. Fibrinogen, an acute phase reactant, al- 
though often increa.sed in critical illnesses, rapidly 
declines as it is converted to fibrin, and subsequently, 
layers out along the vascular bed in the fast flowing 
blood of the major arteries. Factors V and VTll are re- 
duced as well as thrombin and transformed to their ac- 
tive forms, and VIIT^, which then combines with 
thrombomoduUn activated PC, which, with. PS, inacti- 
vates them. In severe cases of DIC, the laboratory pat- 
tern as we generally assess it in clinical situations, pro- 
vides us with prolongation of the prothrombin time (PT) 
and activated partial thromboplastin time (APTT), as. a 
result of diminished fibrinogen as well as Factors V and 
Vm. A decline in fibrinogen and platelets and the in- 
hibitors AT III and PC and PiS contribute additional evi- 
dence to support the diagnosis of DIC. In as much as this 
IS a dynamic state in. clinical situations, the changes in 
these parameters are exhibited over time in a manner 
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similar to that seeu in the test tube with plasma gradually 
being converted to serum (serum no longer coagulable, 
and therefore, unsupportlng of hemostasis). The hemor- 
rhagic aspects of the disorder then become prominent as 
the consumption of the coagulation factors proceeds. 
With the introduction of hypotension or a shock-like 
state, thrombotic events will be manifested as was de- 
scribed experimentally. Organ failure usually begins 
with renal ischemia, eventually producing cardiac and 
hepatic failure. The acute respiratory distress syndi'ome 
(ARDS) may supervene, as the inflammatory process 
spreads and complications arise from the release of a va- 
riety of mediators (i.e., intercellular adhesion molecule 
(1-CAM), interleukin 1 (ILl), platelet activating factor 
(PAF), tissue necrosis factor (TNF), etc. This insult to 
pulmonary function often is the final event, if the patient 
does not succumb to hemorrhage. 



FORMS OF CLINICAL DIC 

Non-septic clinical disorders include trauma result- 
ing from impact, surgical, and burn injuries, as well as 
malignancies and a variety of obstetrical and inflamma- 
tory disorders. A partial list is provided in Table 1. In al- 
most all instances, tissue factor provides the stimulus to 
initiate thrombin formation with subsequent conversion 
of fibrinogen to fibrin, followed by activation of the fi- 
brinolytic system which, results in gradual defibrino- 
genation and leads to the bleeding diathesis seen in the 
eXperime]Ual model. 



TRAUMA 

Trauma in all its forms realizes the effects of tissue 
damage, however, acute hemorrhage often is a result of 



TABLE 1 . Die Associated Conditions (Non-Septic) 



Trauma 
Malignancy 

Obstetrics 



Immune Disorders 



Vascular 



Envenomation 
Chronic Inflanunatory 
Disorders 



Impact, surgical, bum injuries 

Pancreas, prostate, leukemia (acute 
proniyelocytic, acule mydoblastic) 

Placenta abruptio, placenta 
previa, amniotic fluid embolism, 
dead fetus syndrome, saline in- 
duced abortions, retained pla- 
centa, preeclampsia 

Lupus erythematosus, thrombotic 
throml^wytopcnic puipura. vas- 
. . cutltis autoiinmunehemolysis, in- 
curnpahble; blood transfiisions 

Giant hemangiomas^ aortic 
fljieurys ins. prosthetic devices 
(haUoon assist device, arterial 
grafts). • 

Insects and snake bites 

Crohn's disease, sarcoidosis, 
ulcerative colitis 



the initial injury and if massive, may lead to hypotension 
and a shock-Hke state, fulfilling tlie conditions for renal 
ischemia and thrombosis in addition to hemorrhagic 
manifestations. 

A number of studies have been presented describ- 
ing the development of progressive coagulopathies as a 
result of severe impact injuries from accidents involv- 
ing motor vehicles, falling from great heights, and bul- 
let and multiple knife wounds. O wings and Gosselin' 
reviewed 157 such cases appearing in their critical care 
unit, and observed a decline in antithrombin activity to 
less than 80% in 95 of their patients, and less than 50% 
in 24. Nine of the patients developed DIC, most with 
ARDS* as well as thromboembolic complications. 
Gando ct al * reported 40 patients, 15 with DIC, noting 
increased D-dimer as well as thrombin antithrombin 
(TAT) complex levels in all patients, although values 
were somewhat higher in those with DIC. Tissue plas- 
minogen activator antigen \yas only increased in pa- 
tients with DIC. Other investigatcrrs,^ * have reported 
similar experience, noting a decline in AT lit levels 
consistent with the severity of injury score (ISS), and 
particularly with the presence of shock. All with high 
ISS displayed advanced DIC witli increased fibrino- 
lytic activity.^ 'f* Tliose with hypotension on arrival at 
the hospital or at the time of injury, demonstrated lower 
AT III. PC, and antiplasmin levels, as well as higher 
concentratioiis of TAT and D-dimer values. Gando et 
al.'^ in a well documented second paper described 58 
trauma patients, 22 with DIC. if Tlie DIC patients ex- 
hibited a higher ISS and, as expected, had a higher 
mortality rate, 59% versus 13.8%. Tumornecrosis fac- 
tor aiplta (TNFjj), interleukin 1 beta (IL-I), tissue plas- 
minogen activator inhibitor (PA- 1) increase was most 
consistently associated with fatal outcome, while DIC 
was a predictor of ARDS and inulti-organ failure 
(MOD). 

Blunt trauma to the head is a particularly effective 
initiator of events that lead to DIC. The brain, being rich 
in phospholipids, is capable of supporting a coagulopa-. 
thy as the damaged tissues leak these products into the 
circulation. K6arny et al.'i evaluated outcomes in 36 pa- 
tients with severe head injuries resulting in a 50% mor- 
tality. These patients' assigned Glascow Coma Scores 
(GCS) score of less than 9 were compared to five pa- 
tients undergoing elective neurosurgery. All trauma pa- 
tients demonstrated forms of coagulopathy that were 
rated on a DIC scale of 0 to 3. Survivors had lower DIC 
scores and had less severe injuries as expected. The non- 
survivors had lower fibrinogen leyels and more pro- 
longed PT and APTT values, lower AT IE, PC and PS. 
aiid higher D-dimer levels. Neurosurgical control pa- 
tients had a sDght D-dinier elevation and decreased 
APTT values. Several similar studies of patients with 
blunt brain injuries have observed severe depletion of 
fibrinogeni elevated F 1+2 and TAT withiii the first 
hours of injuiy correlating with ihe severity of thc1n- 
jury.>2'^ 
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BURN INJURIES 

Thcnnal trauma also has a recognized incidence of 
DIC» resulting from release of tissue factor, IL-l beta, 
TNF alpha. Ofteu significant hemolysis occurs with 
such injuries giving rise to the release of erythrocyte 
platelet membrane lipids which help to sustain the coag- 
ulopathy. Some 60 patients admitted to the Loyola Uni- 
versity Bum Center, as reported by Watenga et al. exhib- 
ited various degrees of coagulopathy related to tlie 
severity of injury.'^ Prolonged PT, APTT. decreased AT 
III. PC and PS were observed in their cases. The possi- 
bility that the dilutional therapeutic treatment may have 
influenced these results was not supported by the fact 
that elevated levels of TAT, t-PA, and plasminogen acti- 
vator inhibitor (PAI), as well as D-dimer were found. In 
a group of 25 severely burned children. Neely et al." 
noted that AT IIL alpha 2 antiplasmin and plasmino- 
gen were decreased while neutrophil clastase was in- 
creasedjs The uninhibited. proteolytic activity correlated 
with the percent of the total body surface area damaged 

in their study. 

A consistent theme, no matter what the cause of 
trauma, appears to be a direct I'elationship of the coagu- 
lopathy to Ih^ severity of the injury. In addition, it is evi- 
dent that eariy signs of DTC exist with the injury and 
proc^d rapidly with the first few hours, unless interven- 
tion is offered (as discussed later). Once DIG is fully es- 
tablished the associated complications of multi -organ 
failure often lead rapidly to a i^tai outcome. 



OBSTETRICAL DISORDERS 

The clinical complications faced by obstetricians 
served to stimulate interest in con.sumption coagu- 
lopathies, as described, with recognition of DIG in many 
of these conditions: amniotic fluid embolism, placenta 
previa, dead fetus syndrome, retained placenta, and 
saline induced abortion. Even preeclampsia, a relatively 
common occurrence in pregnancy, manifests activation 
of the coagulation system as a result of endothelial dam- 
age, a concept supported by reports attesting to an in- 
crease in circulating fibronectin and thrombomodulin, 
: both indicators of endothelial damageJ* '' 

Amniotic fluid embolism occurs primarily during 
labor (80%), and is more frequently seen in the older 
multiparous patients., particularly those undergoing an 
induced delivery. Approximately 10% of the maternal 
deaths in the United States were reported some years ago 
to result from this condition with 25% in the firet hour, 
while fetal death or di.«itress occurred in 50% before the 
appearance of the symptoms,"* Tlie presence of mucus 
or meconium from the stressed fetus is believed to po- 
tentiate the thrombogenicity of the amnioticfluid once it 
has entered the maternal circulation, eventually, leading 



to obstruction and thrombosis of the pulmonary bed. 
right-sided heart failure, metabolic acidosis, endothelial 
cell injui7, and a terminal form of DIC, 

Coagulopathies occurring in all of these complica- 
tions, placenta previa, abruptio, and dead fetus syn- 
drome, primarily are a result of tissue factor released in 
the maternal blood stream, although massive blood loss, 
and shock in placental abruption conuibutes to the coag- 
ulopatbyJ^This latter condition occurs in 1% of all preg- 
nancies, and accoimts for 35% of perinatal mortality. Re- 
tained placenta is also a common denominator for the 
postpartum appearance of DIC as the placental renmants 

necrose, ^ ^ r *u 

In most instances, the elimination of the felus or the 
residual placenta alleviates the disorder and relieves the 
coagulopathy. In several iiistances, however, curettage 
has failed to dislodge remaining portions of placenta and 
hysterectomy has been necessary. 



MALIGNANCIES IN DIC 

Neoplasms of various origins often are complicated 
by and may present with the hemorrhagic complications 
of DIC. The most common example is seen with acute 
promyelocytic leukemia (APL). a condition in which 
substances released from the leukemic promyelocytes 
initiates activation of the coagulation as well as the fibri- 
nolytic system.^** Kario et al^' observed elevated levels 
of thrombin antithrombin complex circulating in pa- 
tients with APL, however, they also identified even 
greater increases in plasmin antiplasmin complexes 
(PAP) attesting to the activation of both sy.stcms with re- 
sulting Die and hemorrhage.2i Other forms of leukemia 
also are associated with DIC. although to a lesser extent 
and more ofteyx foUowing chemotherapy with the result- 
ing lysis of leukemic cells and release of myeloperoxi- 
dase, elastase and other enzymes that create endothelial 
damage.'^^ 

For the most part, malignancies produce activation 
of the coagulation system as they outgrow their blood 
supply and become necrotic. The pattern, similar to 
trauma, involves tissue factor release. Lung, liver, and 
prostate cancers have this tendency. Pancreatic cancers, 
however, with their potential for release of a variety of 
proteases are unique in this regard and often present with 
multiple ttirombotic events as well as consumption coag- 
ulopathies.-"* 

These situations can be puzzling when the malig- 
nancy is not obvious. For example* I specifically recall a 
patient who presented with hemorrhagic manifestations 
and a pattern of DlC with decreased levels of fibrinogen, 
antithrombin. and platelets. Eventually, biopsy of an en- 
larged tender lymph node demonstrated Hodglcin's dis- 
ease characteiized by the presence of significant areas of 
necrosis. The coagulopathy disappeared following the 
administration of chemotherapy. 
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MISCELLANEOUS 
INFLAMMATORY DISORDERS 

Damage to organs and tissues from a variety of 
causes provides the opportunity for the development of a 
hypercoagulable state and compensated or decompen- 
sated forms of intravascular coagulation. Sarcoidosis, 
Crohn's disease, ulcerative colitis, and many of the col- 
lagen vascular disorders such as lupus erythematosus 
have demonstrated this propensity.^^ -^6 DIG also is seen 
in the end stage of the thrombotic thrombocytopenic 
purpura, and hemolytic uremic syndromes.^' and may 
accompany severe liver danuige caused by toxiiis such 
as methyl alcohol ingestion or by viruses which induce 
fulminant forms of hepatitis^^B Even prolonged condi- 
tions of acidosis have lead to sufficient endothelial dam- 
age to initiate and promote intravascular coagulation .^f 
while massive hemoiysis from transfusion reactions or 
immune disorders provide enough membrane phospho- 
lipid to create DIG ^ All of these disorders cofltribute 
the necessary elements to maintain a heightened state of 
coagulation that extends beyond the area of localized or- 
gan datnage, 

CHRONIC Die 

Although most of our clinical experience reflects 
acute and sporadic forms of DIG. chronic* partially com- 
pensated DIG has been recognized in several vascular 
disorders. The Kasabach-Merritt syndrome or giant he- 
mangioma has a well described coagulopathy with acti- 
vation and increased turnover of platelets.^' Exposure to 
turbulent flow in an inadequate vascular bed activates 
platelets and creates sufficient thrombin to cause de- 
pletion of fibrinogen. A number of cases of aortic 
aneurysms have been reported with similar fmdings.-^^ 
The latter have had demonstrable improvenient with ad- 
ministration of anticoagulants or repair of the aneurysm. 

THERAPEUTIC INTERVENTIONS 

Attempts to manage disseminated iniervascular co- 
agulation and its associated complications have varied, 
recognizing the need to control bleeding resulting from 
the; coagulopathy, as well as from the underlying cause 
(i.e., trauma, pregnancy, neoplasia, etc.). Our therapeutic 
efforts to control this process have been to reduce the 
impact of thrombin, as well as its promoters. In these sit- 
uations, it is apparent that the inliibitory systems that 
control coagulation in vivo have been overwhelmed, and 
the necessity of reducing thrombin's many effects and its 
evolution are pararnount.. There is no doubt that the un- 
derlying clinical conditions responsible for thrombin's 
evolution will play a major role in the patient's survival; 
however, the Coagulopathy itself is often life threatening 



and must be managed while awaiting improvement in 
the initiating circumstances. 

With the exception of emptying the uterus in the ob- 
stetrical disorders and administering chemotherapy m re- 
sponsive malignancies, it would seem evident that pre- 
vention of thrombin activation and neutralization of its 
activity should be offered if the underlying cause for the 
coagulopathy cannot be eliminated rapidly* Several ef- 
fective antithrombotic agents are available for this pur- 
pose and more will be approved fo? therapeutic use in the 
future. In the meantime, the anticoagulant heparin has as- 
sumed a significant role in (he management of the condi- 
tion through its ability tO enhance the physiologic anti- 
thrombin activity and, thus, inactivate thrombin as well 
as proteases such as factors and DC and to a lesser ex- 
tent factors XI3 and Vll^ which promote thrombin forma- 
tion. Heparin, although catalyzing antithrombin's i*atc of 
thrombin inaetivation by a. thousand-fold, is still depen- 
dent upon the presence of substantial amounts of anti- 
thrombin 10 exert an effect. Unfortunately, AT III present 
in circulating plasma declines rapidly after it is com- 
piexed with thrombin and other proteases, and may be re- 
moved from circulation at a rate that cannot be com- 
pensated by an increased . production from the liver. 
Concentrates of AT HI have been produced for many 
years, and are now readily available for approved thera- 
peutic use in patients with congenital deficiencies. The 
obvious and apparent benefit anticipated by administra- 
tion of AT in in acquired deficiencies* however, has been 
substantiated by only a few experimental studies which 
demonstrated significant clinical in^rovernent ITius, ef- 
ficacy must be judged on the basis of animal experiments 
and from results of several clinical invesUgations in hu- 
man subjects now being carried out as multi-institutional 
studies. At the outset, however, it is necessary to recog- 
nize that with the consumption of the coagulation factors, 
a hemonrhagic diathesis is present and many patients are 
in an active bleeding state when seen. As a result, initially 
it is necessary to control bleeding by improving hemosta- 
sis and replacing the necessary coagulation factors; plate- 
lets, fibrinogen. Factors V. VIU, and XIU. , . 

HEMOSTATIC SUPPLEMENTATION 

Goagulation factors consumed by the severe, de- 
compensated form of DIG process can be effectively re- 
placed to restore hemostasis, and thus permit the use of 
anticoagulants to blunt the process. In as much as throm- 
bocytopenia is one of the major concerns, administration 
of platelet concentrates can be effective by not only 
restoring platelet numbers, but also by providing addi- 
tional amounts of factor V. Approximately 50 nil of 
plasma is, available in each unit of platelets, and.lhtis 
other plasnia factors are provided, as well. It should be 
noted that with the coagulopathy, to control bleeding, the 
platelet numbers need to be sufficiently increased but 
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not excessively increased, which would contribute to the 
thronibogenic process. Generally, 6 U of platelet con- 
centrate wUl increase circulating platelets in an adult by 
approximately 40 x W/L, Additional units can be of- 
fered, as needed, at 4-6 h intervals. Cryopredpitate pro- 
vides the only source of fibrinogen approximately 200 
mg per bag. Thus. 10 bags can contribute 2 g of fibrino- 
gen to the circulation, an ample amount to increase cir- 
culating levels. Cryoprecipitate also contains Factor 
VUI, Factor XTIl, von Wiilebrand iactor, and fibro- 
ucctin. all of which improve hemostasis. In the past, 
plasma has been the mainstay for supplementing hemo- 
stasis; however, despite its content of clotting factors, it 
must be administered in large quantities, at least 1 Uier 
for an average adult, a volume often limited by the pa- 
tient's caitliac status and risk of congestive heart failure. 
The use of the platelet concentrates and cryoprecipitate 
are to be recommended over plasma. 



ANTICOAGULANT THERAPY 

The means to control or dampen the progressing 
coagulopathy also are at hand. Heparin and AT III con- 
centrate have beeo'employed in a limited fashion in ex- 
perimental models and in clinical studies (see additional 
articles in this journal). The effect of PC concentrates, as 
well as newer antiplatelet agents remains to be evalu- 
ated, although there has been some experience with 
Dextran and with the antithrombin, hirudin. 



allows progression of heparin dosing to therapeutic lev- 
els once hemostasis has been achieved. Of course, hep- 
arin's efficacy is dependent upon adequate amounts of 
antithrombin for its ability to exert a catalytic effect. 
Tliereforc, antithrombin support may be a necessary re- 
quirement CO achieve therapeutic benefits from heparin 
administration. 



ANTITHROMBIN III IN THE 
MANAGEMENT OF DlC 

A number of experimental DlC models were evalu- 
ated with respect to the efficacy of AT III in controlling 
the process. Experiences with sepsis models using lipo- 
polysaccliarides arc well known, however, several ani- 
mal models also were developed using prothrombin com- 
plex concentrates containing activated factors Factor X„, 
IX . and Vll^'* as the initiator of DIC. Initially, testing 
wa"s undertaken to demonstrate the thrombogenicity of 
these products. Introduction of AT lU concentrate was 
employed to determine efficacy of this agent in prevent- 
ing a consumption coagulopathy, shown in Figure 1, As 
depicted. AT III concentrates administered foUowing in- 
fusions of tliese proteases significantly limited the con- 
sumption of clotting factors preventing the thrombocy- 



PROTHROMBIN CONCENTRATE INDUCED 
COAGULOPATHY AND ANTITHROMBIN 



too 



HEPARIN THERAPY 

Animal experiments^-^ have demonstrated heparin's 
ability to abort endotoxin or tissue factor induced DIC, if 
administered immediately after the initiating factor 
Clinical experience would support the fact that heparin, 
at least in low dosage, is not deleterious in these situa- 
tions, and in niany instances would appear beneficial by 
slowing the rate of thrombin formation allowing recon- 
stitution of hemostasis to the point that bleeding is con- 
trolled witliout supplementation of clotting factors and 
further thrombodc events are averted. ^'^-^s Unfortunately, 
thert: is a risk of promoting further hemorrhage if hemo- 
stasis has not been restored and thus administration often 
is tentative and necessarily delayed. Furthermore, the 
complexity of the DIC process, as well as the variabUity 
of cause prevents a meaningful measurement of outcome 
once the intervenUon has been applied. Clinical studies, 
therefore, have hot provideid adequate data to constrticl a 
clear-cut recommendation for hepiorin administration. A 
consensus of hematologists with experience is this area. 
I believe, would support the use of heparin, or an alter- 
native to manage the coagulopathy, once bleeding has 
been controlled while awaiting correction of (he under- 
lying cause. A gradual approach, initially employing low 
or prophylacUc doses while restoring coagulation factors 
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FIG. 1. Intravascular coagulation (DIC) in a canine model in- 
duced by protease conialnlng prolhrombln concentrate: Effect of 
AT III on circulaiing platelets and flbrlnogen. 
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topcnia and hypofibrinogenemia. Similar studies have 
been undertaken in the sepsis model with demonstration 
of dramatic improvement in mortality in rats, as well as 
baboons when very large doses of AT 111 were given in 
concert with the phospholipid initiator^' (see also Dick- 
neite in this issue). 

Clinical studies in humans have been limited.3-''^*39 
although, there is a wealth of information noting the 
occurrence of antithiombin deficiency in patients with 
disseminated intravascular coagulation resulthig from 
trauma, malignancy, and severe hepatocellular disease as 
described. In most such studies, AT TH activity has been 
found to be directly related to the severity of initiating dis- 
order and inversely related to sitfvival, with the prognosis 
being poorest' in those patients with lowest circulating 
levels of antithrombin. Generally, trauma is found to pro- 
duce a decrease in AT III levels, particularly during the. 
first few hours after injury, wiiether due to impact, blunt, 
or penetrating trauma, or even bum injuries. These identi- 
fiable decreases in antithrombin levels arc consistent with 
other measures of hypercoagulability and signs of inflam- 
mation. Therapeutic intervention with antithrombin con- 
centrates are now beginning to be published. Jochum et al. 
reported a prospe^ctive placebo controlled randomized 
study of 40 patiems.'«>Tlie antithrombin concentrate was 
administered within 6 h of trauma. The patients experi- 
enced no side effects, especially no bleeding complica- 
tions. Attempts were made to maintain plasma levels of 
antithrambin at 150% of nonnal, over a 3 to 4 day period. 
A mean dose of 21,000 U of antithrombin was adminis- 
tered per patient. Improvement in pulmonary function, 
was identified, as measured by pulmonary artery oxygen. 
There was a significant reduction in artificial ventilation 
time of 23 days in the control group to 11 days in the anti- 
thrombin treated group. Intensive care unit days also 
were decreased from an average of 29 in the control to 13 
days in the treatment group. Mortality figures were not sig- 
nificantly different in these poly-trauma patients. Other 
parameters measured, also demonstrated improvement in- 
cluding a reduction in soluble thromboriiodulin, an en- 
dothelial cell receptor for thrombin, 

A significant improvement in bum injury was re- 
ported by Kowal-Vem and colleagues who observed a 
reduction in graft failure, more rapid wound healing, and 
a shorter hospital course in several patients with severe 
■ thermal injury who received large amounts of antitlirom- 
bin shortly after their admi s sion / ' 

The efficacy of AT III in these studies was depen- 
dent on the time of administration after initiation of the 
process and the dose of antithrombin administered. If AT 
in was administered at the sarne time as induction or 
within a few hours after, it was possible to significantly 
improve outcome. However, the dose of AT HI was 
found to be critical in order to be effective and was re- 
quired in large quantities to obtain a pharmacologic 
rather than a physiologic level. 

Several other prospective trials of AT in patients 
with Die are in progress and have not been completed. 



From our animal experimental data, however, it can be 
anticipated that antithrombin will have a favorable im- 
pact on the coagulopathy, as well as the associated com- 
plications. 



OTHER THERAPEUTIC AGENTS 

A number of other agents that may have therapeutic 
implications in this. disorder haye been employed or are 
in die process of develdpnicnt.-'*^ Antiplatelet tigents. for 
example, by reducing platelet activation occurring as a 
result of exposure to damaged endothelium have been 
used extensively and include aspirin, Dextran 70, and 
more recently. Tyclopidin, and platelet glycoprotein 
lyill^ inhibitors. Concentrates of PC and PS. as \yell as 
heparin cofactor II also may contribute to the control of 
the coagulopathy while argatroban and hirudin, two new 
experimental antithrombins should. be on the market 
shortly. All of tiiese agents have variable capacities to re- 
duce vascular damage induced by tlirombin or to reduce 
interaction of platelets with plasma clotting factors. No 
doubt, trials with inhibitors of tumor necrosis factor, IL6 
and IL8, as well as elastase will demonstrate additional 
beneOts that have clinical implications. 



CONCLUSION 

Despite the complexities of die DlC process in the 
many disorders that give rise to this complication, it has 
been possible to characterize a mechanism that depends 
upon thrombin, its activity, and its rate of promotion by 
tissue factors released from injury of various sorts. Inter- 
vention can be offered that controls the hemorrhagic, as 
well as the thrombotic complications, but usually does 
not affect the severity or the morbidity resulting from the 
underlying cause. **Buying time" is perhaps the major at- 
tribute of such treatment with the reduction of morbidity 
and mortality from the DIC complications as a potential 
benefit. In tliis regard, heparin has been shown to be ef- 
fective and should be offered beginning with, a prophy- 
lactic dose and, prpceeding to a therapeutic one, as soon 
as heniostasis is controlled by appropriate replacement 
of clotting factors, 

AT III concentrates hold promise for such manage- 
ment, recognizing that this agent does not appear to in- 
crease the bleeding potential » even when remarkably 
high circulating levels arc achieved. Such products can 
be administered at the first indication of a hypeitoagUla- 
bie state, and if offered in lar^c doses; coin be expected to 
ameliorate the condition. Clinical trials to substantiate 
, this position are underway, and hopefully will dernon- 
strate the efficacy of this approach, whetheir endotoxin or 
trauma induced. Other agents may well be f<)und useful 
to reduce the coagulopathy, which would include ahti^ 
platelet agents such as: Aspirin, Dextr^ 70, ?in!d TVclo-; 
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mdin. as well as some of the newer glycoprotein Rb and 
ma agents under investigation. The newer antithrombins 
which should be approved shortly, hirudin and its ana- 
logue hirulog, and argatroban, for example, may prove 
particularly beneficial in this condition by elimmatnjg 
tlorombin^s damaging effects. On the other hand, sub- 
stances which block many of the mediators, tumor 
necm&is factor, IL6 and IL8, as well as elastase. may 
conti-ibute further to reducing the mocbidity associated 
with the inflammatory aspects of the disorder. In any 
event the thrust of our treatment will not change with re- 
spect 'to the need for the earliest intervention possible, 
and with the large doses of anticoagulants and mflam- 
mation inhibitors designed to prevent the explosive pro- 
gressive characteristic of these disorders. 
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Non-septic endotoxemia in cirrhotic patients 
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Summarv: We have found that endotoxemia detected by conventional LCT (limulus colonmetnc test) 
in patients with liver diseases could not be detected by endotoxin-specific LCT at all and proposed that 
this i8-glucan like activity (BGLA) should be termed as non-septic endotoxemia, distmguishing it from 
septic endotoxemia seen in gram-negative sepsis. In this study, we investigated non-septic endotox. 
emia through the clinical course of 8 cirrhotic patients. Non-septic endotoxemia appeared at the onset of 
Die but tended to decline in level in the late terminal stage. This phenomenon cannot be consistent with 
the "spillover" theory which explains the mechanism of endotoxemia without sepsis in liver disease. 
We think it is an urgent problem to elucidate the nature of BGLA in liver disease, without recourse to the 
"spillover" theory. Gastroenterol Jpn 1989;24:262^269 
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Intorudction 

We previously reported endogenous endotoxe-: 
mia in liver diseases using the limulus colori- 
metric text (LCT)^ Endogenous endotoxemia 
appeared with the presence of 'iiscites at low 
levels in some but not in all cases. At the stage of 
hepatic failure complicated with disseminated 
intravascular coagulation (DIC) orrenal failure, 
endotoxemia was more frequent and endotoxin 
concentration greater^. Iwanaga et al, however, 
discovered another pathway activated by p- 
glucan apart 'from one by endotoxin in the 
limulus test and developed the endotoxin-spe- 
cific LCT*'^. We re-evaluated endogenous endo- 
toxemia in liver diseases using the endotoxin- 
specific LCT and found out that endogenous 
endotoxemia was not detected by endotoxin- 
specific LCT at all^ Thus far endogenous endo- 
toxin has not been discriminated from septic 
endotoxin as a chemical substance. They had 
been separately termed according to their 
mechanism of appearance in the peripheral 



blood. We proposed, therefore, to term endo- 
genous endotoxin, which came to be distin- 
guished chemically from septic endotoxin by 
endotoxin-specific LCT, as non-septic endo- 
toxin*. At present, it is not certain whether non- 
septic endotoxin is a specific type of endotoxin 
(it may be unresponsive to the endotoxin- 
specific LCT because of a modification in vivo) 
or another substance other than endotoxin. 

Serial change in non-septic endotoxemia 
throughout the clinical course of fulminant 
hepatitis has been previously reported^. Non- 
septic endotoxemia appeared around the onset 
of DIC and showed a parallel relationship with 
serum fibrin-degradation products (FDP). 

In this study, we report that the same rela- 
tionship of non-septic endotoxemia and serum 
FDP as seen in f ulminemt hepatitis is also pres- 
ent in cirrhotic patients, and discuss the mech- 
anism and the nature of non-septic endotoxe- 



mia. 
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Subjects and Methods 

Subjects 

Eight cirrhotic patients admitted to our hos- 
pital were studied. Ail cases were complicated 
with Die in the course of the disease. Of the 8 
patients, 6 have died and 2 have survived. The 
causes of DIC were: spontaneous occurrence 
from the decompensated state (2), rupture of 
esophageal varices (2), spontaneous occurrence 
from the hepatocellular carcinoma- bearing 
state (1), accompanying complication of acute 
pancreatitis (1), endoscopic sclerotherapy for 
esophageal varices (1) and operative reposition 
of a fractured humerus neck (1). 

Methods 

Commercially available kits, Toxicolor for the 
conventional LCT and Endospecy for the endo- 
toxin-specific LCT, were used (both are pro- 
ducts of Seikagakukogyo, Tokyo). Heparinized 
blood samples were treated by the PGA meth- 
od^ for deproteinization and subjected to con- 
ventional LCT and endotoxin-specific LCT si- 
multaneously. Detection limits of both kits 
were 5 pg/ml. Details of the PCA-LCT proce- 
dure are described elsewhere^ ^ 

Results 

Endotoxemia in all the cases was detected using 
conventional LCT. Endotoxin-specific LCf did 
not detect any endotoxin activity throughout 
courses of any of the cases. Consequently, en- 
dotoxins detected in this study were all non- 
septic endotoxins according to our definition. 
Cases are presented as follows. 

Case 2. Decompensated liver cirrhosis, SS-year-old 
male 

The patient was admitted for endoscopic 
sclerotherapy of esophageal varices. Since ul- 
trasonographica! examination after admission 
revealed the presence of a moderate amount of 
ascites, the prophylactic treatment of varices 
was postponed. Ascites gradually increased in 
spite of intensive treatment. On July 1, three 
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Fig. 1 Clinical course of case 1 (decompensated liver cirrhosis^ 
63'year-old male). 

DIC « dlseeminated intravascular coagulation, FOY - 
trade nam© of Gabexate mesilata, Et = endotoxin. 



months after admission, hepatic encephalo- 
pathy and oozing from the injection site ap- 
peared. Coagulofibrinolytic data deteriorated 
as shown by a prothrombin activity of 30% and 
FDP of 160/xg/ml, suggesting the onset of DIC. 
Hepatic encephalopathy disappeared after a 
few days but the coagulation disorder deterio- 
rated further in spite of drip infusion of Gab- 
exate mesilate (FOY) and supplementation of 
coagulation factors. On July 23, the serum 
bilirubin level began to rise, indicating a state 
of generalized hepatic failure. About a month 
after the onset of DIC, the patient died sud- 
denly. Hepatic encephalopathy immediately 
before death was grade II but this could not 
explain the cause of the sudden death. 

Measurement of blood endotoxin began im- 
mediately after the onset of DIC. The initial 
endotoxin value was as high as 162pg/ml and 
high values persisted thereafter. Non-septic en- 
dotoxemia exhibited a parallel relationship 
with the change of serum FDP and tended to 
decline in level toward the patient's death (Fig. 
1). 

Case 2. Decompensated liver cirrhosis, SS-year-old 
male 

The patient was admitted to our hospital for 
the prophylactic treatment of esophageal vari- 
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F!g. 2 Clinical course of case 2 (decompensated liver cirrhosis 
ooinpliceted with DIG after varlceal rupture, SS-year-otd 
male). Abbreviations are the same as in Figure 1 . 



ces. Ultrasonographical examination revealed 
the presence of ascites and serum bilirubin was 
above 3mg/dl, consistent with Child's C group. 
Therefore, prophylactic therapy was postponed 
and an improvement of general condition was 
anticipated. Serum bilirubin, however, re- 
mained at a level of 3 to 5 mg/dl-and transient 
encephalopathy was observed. Three months 
after admission, esophageal varices ruptured. 
Emergency endoscopic sclerotheray managed 
to control bleeding, however, DIC developed. 
Continuous drip of FOY and supplementation 
of coagulation factors were performed butcoag- 
ulofibrinolytic-'data deteriorated further. Jaun- 
dice and hepatic encephalopathy became worse 
and the patient died of generalized hepatic 
failure. ' 

Non-septic endotoxemia rose after the onset 
of DIC but tended to decline toward the pa- 
tient's death (Fig. 2). 

Case 3. Liver cirrhosis complicated with acute 
pancreatitis, SS-yeat^old male 

The patient, a chronic alcoholic, had suffered 
from relapsing hepatic encephalopathy, On 
April 4, he came to our outpatient clinic com- 
plaining of upper abdominal pain. Laboratory 
data showed serum amylase of 3760 lU/L, indi- 




Fig. 3 Clinical course of case 3 (liver clrnu>s[s complicated with 
acute pancreatitis, 36-year-old nxale). Abbreviations are 
the same as Figure l . 



eating the complication of acute pancreatitis. 
He was thus admitted to our hospital on that 
day. Administration of FOY was begun imme- 
diately but the complication of DIC and renal 
failure could not be avoided, resulting in the 
patient's death. 

Non-septic endotoxemia began to rise simul- 
taneously with the onset of DIC and tended to 
decline toward the patient's death (Fig, 3). 

Case 4, Liver cirrhosis cojnpUcated with DIC after 
endoscopic sclerotherapy for esophageal varices, 
BO-year-old female 

The patient was admitted to our hospital for 
endoscopic sclerotherapy of esophageal vari- 
ces. Because ascites was present to a slight 
degree and prothrombin activity was as low as 
31%, FOY drip was started prior to sclerother- 
apy to prevent the onset of DIC. Prothrombin 
activity, however, decreased significantly on 
the second day after sclerotherapy. On the fifth 
day, the elevation of serum FDP was seen, sug- 
gesting the complication of DIC. In spite of 
vigorous treatment, DIC could not be improved 
and the patient died of cerebral hemorrhage on 
the tenth day after sclerotherapy. 

Non-septic endotoxin could be measured 
only at 2 points. The first one, measured imme- 
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Fig. 4 Clinical course of case 4 (fiver cirrhosis complicated with 
Die after endoscopic sclerotherapy lor esophageal var- 
ices, 60-year-old female). Abbreviations are the same as 
in Figure 1. 
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Fig. 5 ainlca! course/of case 5 -(hepatocellular carcinoma virtlh 
undartylng liver cirrhosis, 52-year-old female). Abbrevia- 
tions are the same as In Rgure 1. 



diatdy after the onset of DlC, was extremely 
high and the secor\d, immediatley before death, 
was rather low (Fig. 4). 

Case 5. Hepatocellular carcinoma with underlying 
liver cirrhosis. 52-year-old female 

The patient was admitted to our hospital for 
transarterial embolization of a hepatocellular 
carcinoma. The first embolization was per- 
fonned on September 26 and the second one 
was scheduled for the end of the following 
January. On January 17, however nasal bleed- 
ing heralded the onset of DlC, accompanying 
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Fig- 0 Clinical course of case 6 (hepatocellular carcinoma with 
underlying liver cirrhosis, 63-year-otd male). Abbrevia- 
tions are the same as in Figure 1. 



simultaneous renal failure. Ascites and hepatic 
encephalopathy deteriorated further resulting 
in the patient's death. 

Non-septic endotoxemia began to rise 
slightly after the onset of DIG and tended to 
decline toward the patient's death (Fig. 5). 

Case 6, Hepatocellular carcinoma with underlying 
liver cirrhosis, dS-year-oId male 

The patient had been repeatedly admitted to 
our hospital for treatment of hepatocellular car- 
cinoma and this was his fourth admission. He 
was scheduled for another TAB but, on Novem- 
ber 29, DIG appeared following the rupture of 
esophageal varices. With endoscopic sclero- 
therapy, bleeding was halted but DIG could not 
be improved. On the tenth day after the first 
rupture, the patient died of re-rupture of 
varices. 

Non-septic endotoxemia rose with a time lag 
after the onset of DIG and tended to decline 
toward the patient's death (Fig. 6). 

Case 7. Decompensated liver cirrhosis complicated 
with Die, survived, 59-year-old female 

The patient was admitted to our hospital for 
the fourth time because of massive asctes and 
increasing jaundice, suggesting severe decom- 
pensated liver cirrhosis. On the third hospital 
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Fig. 7 Crmical course of case 7 (decompenaatod liver cirrhosis 
campUcaled with DIG, alive. 59-year-old female). Abbrevi- 
ations are the same as in Figure 1 . 



day, coagulofibrinolytic data deteriorated to the 
onset of Die, accompanying renal failure. Con- 
tinuous drip infusion of FOY was found to be 
successful in managing DlC, followed by the re- 
!5toration of renal function. 

A proportional relationship waS observed 
between changes in non-septic endotoxin and 
serum FDP throughout the course (Fig. 7). 

Case 8. Liver cirrhosis complicated with DlC after 
surgical reposition of humerus under general 
anesthesia, survived, Sl-year-old female 

The patient underwent surgical reposition- 
ing of fractured humerus under general anes- 
thesia. After an uneventful operation, however, 
ascites appeared and worsened. She was trans- 
ferred to our department for control of the 
ascites. Though the asites improved gradually, 
coagulofibrinolytic data deteriorated to an FDP 
of 40/ig/ml and FT activity of 28%, indicating 
the onset of DIG. In spite of the drip infusion of 
FOY and supplementation of coagulation 
factors, coagulofibrinolytic data further deteri- 
orated as shown by an FDP of 320/tg/mL Bleed- 
ing from the operative wound began and the 
volume reached ca 1 L/day. The decision was 
made to start plasma exchange to control the 




Fig. 8 Citnical course of case 8 (liver cirrhosis complicated with 
DlC after surgical reposition of humerus under gerraral 
anesthesia, aDve, 61-year-old female). Abbreviations are 
the same as in Figure 1. 



massive bleeding. 

Plasma exchange started from Feb 22 and 
continued for 4 consecutive days, with an ex- 
change volume of 3-5 L/day. Coagulofibrin- 
olytic data improved remarkably as shown by 
PT activity of 40% and FDP of 20/x.g/ml, while 
the bleeding from the operative site was 
scarcely visible. On March 2, coagulation data 
deteriorated and the bleeding started again. 
After another series of plasma exchanges, on 6 
consecutive days, coagulofibrinolytic data were 
maintained as follows: FDP 20/tig/ml, PT activ- 
ity 40-50%, fibrinogen 100-120%. With the im- 
provement of coagulofibrinolytic data, bleed- 
ing from the operative site decreased gradually 
and finally stopped. 

On admission, when massive ascites was 
present, the non-septic endotoxin level was 
llpg/ml. It then rose to lOOpg/ml on February 7 
when serum FDP reached the level of 80/Ltg/mL 
Thereafter, non-septic endotoxin shifted in a 
parallel relationship with serum FDP. After 
iieginning plasma exchange, non-septic endo- 
toxin values tended to decrease after plasma 
exchange and to increase again the following 
morning. Thus, the change in non-septic endo- 
toxin exhibited a serrated curve. The third 
plasma exchange, however, was not followed 
by a rise in non-septic endotoxin the following 
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morning. Interruption of the plasma exchange 
worsened the coagulofibrinolytic data and 
allowed a rise in non-septic endotoxemia which 
lagged behind the rise of serum FDP. After the 
recovery from DIG, non-septic endotoxemia of 
around 20 pg/ml persisted (Fig. 8). 

Discussion 

In 1972, Caridis et al® reported 2 cases of liver 
cirrhosis in which endotoxin was detected by 
the limulus assay without bacteremia. This was 
the first report concerning endogenous endo- 
toxemia. In 1976. Wilkinson et al' reported 45 
cases of cirrhotics in which endogenous endo- 
toxemia was detected in 84% of those with renal 
failure and in 10% of those without renal fail- 
ure. Qemente et al (1977)'° also reported 43 
cases of cirrhotics with ascites in which endo- 
toxemia was detected in 80 % of those with renal 
failure and in 3% of those without. On the other 
hand, Tarao et al (1977)^^ and Liehr et al (1977)" 
reported that endotoxemia was detected in 70- 
80% of cirrhotics with ascites, with almost the 
same percentage in their ascites and even in 
some 20% of cirrhotics without -Ascites. Fulen- 
wider et al (1980)^ could not substantiate these 
findings but reported that when the limulus 
gelation test was performed on the peripheral 
plasma of 38 cirrhotic patients, portal plasma 
and ascites in 14 and 11 of these patients, re- 
spectively, no endotoxin was detectable. 

According 'to our results^ using limulus 
colorimetric test after treatment with the PCA 
method (PCA-LCT), endotoxin was not detect- 
able at 'all in cirrhotic patients without ascites 
and in 52% of those with ascites. At the stage of 
hepatic failure complicated with renal failure or 
DIG, endotoxin was more frequent and endo- 
toxin concentration greater. Consequently, our 
results support the results of Wilkinson et al or 
Clemente et al and conform to the results of Ful- 
enwider et al with respect to the undetect ability 
of endotoxemia in cirrhotic patients without 
ascites. Concerning the detection ratio of endo- 
toxemia in cirrhotic patients with ascites, Ful- 
enwider et a! reported 0%, Wilkinson et al 10%, 



Clemente et al 3%. These data were far lower 
than our own result of 52%, This discrepancy 
can be explained by the difference in detection 
limits of the limulus gelation test (LGT) and 
LCT. Our investiation showed the detection 
limit of LGT to be 20-40 pg/ml". Most of the 
endotoxin levels detected in cirrhotic patients 
with ascites were less than 10 pg/ml, which is 
below the detection limit of LGT. We consider 
that the ubiquity of endotoxin, with the attend- 
ant opportunities for specimen contamination, 
is the most likely explanation of the high preva- 
lence of endotoxin in the plasma and ascites re- 
ported by Tarao et al and Liehr et al. Fulenwider 
et al reported that the samples that yielded posi- 
tive results were immediately retested in dupli- 
cate and were found to be negative^. Thus, the 
data obtained with LCT conform to those ob- 
tained with LGT. This conformity is reasonable 
if we consider that both are bioassays sharing a 
common basis, limulus lysate. 

In this study in which serial changes in endo- 
toxin were documented in each cirrhotic pa- 
tient using LCT, a close relationship between 
the appearance of endotoxemia and the onset of 
Die was observed as a parallel relationship be- 
tween changes of non-septic endotoxemia and 
serum FDP. We have already reported this par- 
allel relationship in patients with fulminant 
hepatitis in whom the change in non-septic 
endotoxemia was influenced by plasma ex- 
change^. In cirrhotic patients in whom plasma 
exchange was usually not performed, the natu- 
ral progress of non-septic endotoxemia could 
be seen. Based on the "spillover" theory,: it is 
conceivable that endotoxemia exacerbates 
toward patients' death because of the accelera- 
tion of the spillover of endotoxin through the 
failing liver. In this study, however, non-septic 
endotoxin tended to decline toward patients' 
death. This pheriomenon cannot be explain by 
the "spillover" theory. 

We have previously reported^ that endo- 
genous endotoxemia seen in liver diseases 
could not be detected by the endotoxin-specific 
LCT developed by Iwanaga et al. For that 
reason, we proposed to term endogenous endo- 
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toxin as non-septic endotoxin to stress the dif- 
ference between endogenous endotoxin and 
septic endotoxin on a physical basis. Non- 
septic endotoxemia appears in the operation for 
esophageal carcinoma^^ or in hepatectomy for 
cirrhotic livers^^ without complications of 
shock or DIG. We doubted that non-septic 
endotoxin had biological activity as a toxin. At 
that point, however, the possibility could not 
be ruled out that endotoxin was modified dur- 
ing the course of spillover, suffering some 
structural change. Though admitting this possi- 
bility, the tendency of non-septic endotoxin to 
decline close to death cannot be explained by 
the "spillover" theory and non-septic endo- 
toxin cannot be understood as a spilled endo- 
toxin any longer. Hereafter, we propose to term 
non-septic endotoxin as /3-glucan like activity 
(BGLA), from the point of view of describing 
non-septic endotoxin as a unique phenomenon 
on limulus assay, apart from the "spillover" 
theory. 

Even if the positive reaction of the limulus 
assay seen in liver disease is duo to BGLA, it 
does not conflict with the "spillover" theory. 
A problem was pointed out with the PCA 
method, a widely prevalent pretreatment for 
LCT. As we have previously reported^^ when 
standard endotoxin was added to normal plas- 
ma and the mixture was incubated at 37**C, the 
recovery of added endotoxin decreased rapidly 
to a level of 10"^ -lO""* of the initial concentra- 
tion within 20-30 minutes, if PCA-LCT were 
used. However, this residual endotoxin was 
found to be stable in the plasma, even in fresh 
plasma. The endotoxin detected in patients 
with gram negative septicemia was also found 
to be stable both in the patients own plasma 
and in the plasma of normal controls. Takahashi 
et al^^ supposed that added endotoxin com- 
bined with some kind of protein and PCA treat- 
ment precipitated the complex. They reported 
recovery from the precipitate of the total 
amount of added endotoxin. From these facts, 
the following hypothesis can be presented: 
When entering into the blood stream, endo- 
toxin rapidly combines with a carrier protein 



(perhaps a high-density liporotein" but a 
minute portion of it remains free. When the 
PCA method is used as a pretreatment, only the 
free endotoxin is detectable because, in PCA 
method, only the supernate after deproteiniza- 
tion is available for LCT. Takahashi et al have 
further progressed to improve the PCA method 
and developed a new PCA method^^ which can 
detect protein-binding endotoxin as well. We 
evaluated this new PCA method and found that 
it recovered almost 100% of added endotoxin 
when the conventional PCA method recovered 
none of it (unpublished data). Estimating from 
the in vitro results, the amount of protein- 
binding endoto^cin totals 10^ -10* of that of the 
free endotoxin. Therefore, for the study of 
septic endotoxin, we should use the new PCA 
method and the "spillover" theory should be 
substantiated using the new PCA method. 
With respect to BGLA, its nature remains un- 
known and it is uncertain which pretreatment 
is more desirable. We think we may rationally 
progress in our study of BGLA using the PCA 
method for the time being. 
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